INTRODUCTION
The Great Recession is the most serious and painful economic downturn in the world economic history since the 1930s. Aggregate unemployment reached as high as 10% in the U.S. It is important to understand the causes and impacts of unemployment in the recession. In this paper, we focus on its health impact: did unemployment in the Great Recession create adverse health problems in the population?
The question is relevant, as temporary financial and psychological tensions from job losses could lead to more permanent damages, such as family fighting, divorces and stress-induced health issues. These could have lasting impacts on adults, and more importantly, on children.
Furthermore, tensions could have repercussions on unemployment itself. Health issues, and more broadly, social instability, crime and community deterioration could discourage future employers and entrepreneurs to settle, establish businesses and create jobs. If the social cost channels of unemployment are indeed operative, this provides the basis for the government to combat unemployment and assist vulnerable groups before unemployment-induced social problems take root.
Establishing a causal relationship between unemployment and health is inherently difficult, because of the endogeneity problem. We are generally unsure if unemployment causes or is caused by deteriorating health. In addition, omitted variables can be problematic: a third factor can drive both unemployment and health. For example, the Great Recession was characterized by a great house price collapse that led to a vast number of foreclosures. This might have degraded health conditions and hurt construction jobs at the same time. In that case, both health and job losses are driven by the house price collapse.
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To add to the complexity, while health is commonly thought to worsen during recessions, findings have surprisingly been mixed. Ruhm (2000 Ruhm ( , 2015a are among the most prominent studies on this topic. They showed that recessions are actually good for health: health improves when the economy temporarily deteriorates. Ruhm (2000) used panel data for 50 states in the U.S. and D.C. and found consistently that most causes of deaths are actually pro-cyclical. He provided four reasons for this pro-cyclicality, which we will go into in detail in the literature review. That trend, however, has attenuated over time (Ruhm, 2015a) . This paper overcomes the identification difficulty by using a Bartik instrument. As will be clearer in the identification strategy section, the Bartik instrument captures a county's tradable job losses that are only driven by declines in U.S. tradable aggregate demand, and not by county-specific issues. Since there are more than 3,000 counties in the U.S, the U.S.'s tradable aggregate demand is largely exogenous to a county, that is, it is little affected by county-specific fundamentals. This implies that reverse causality and county-specific omitted variable problems, such as productivity shocks, are not likely at play.
Using demand-driven tradable job losses as an instrument for total job losses in a county, we examine the impacts of unemployment on different types of mortality. We find that when countycharacteristics control variables are included, unemployment has statistically insignificant impacts on mortality. In other words, aggregate mortality in a county is not significantly affected by the county's job losses, ceteris paribus. This is consistent with Ruhm (2015a) , where he found that mortality is becoming acyclical in recent years.
When disaggregating mortality by types, we find that most types of mortality have statistically insignificant relationship with unemployment. The only exceptions are Alzheimer's, poisoning, 4 and homicide. We find that while unemployment increases mortality by Alzheimer's and poisoning, it decreases homicide. Unemployment seems to have no impact on either males or females, and for most age groups. The only exception is the 25-34 age group. We find that mortality of the 25-34 displays a clear negative relationship with unemployment. In other words, during the Great Recession, counties that have higher job losses actually have smaller numbers of deaths in the 25-34 age group. We will discuss the potential reasons for this phenomenon in section 4. This paper is organized as follows: Section 2 provides a literature review; section 3 details our methodology and data sources; section 4 presents our regression analyses; section 5 discusses robustness checks and the possibility of reverse causation. Finally, section 6 concludes.
LITERATURE REVIEW
The cyclicality of health persists as a topic of much debate. Brenner (1973 Brenner ( , 1975 Brenner ( , and 1979 in his seminal analyses on the issue, concluded that health deteriorates in economic downturns. The author hypothesized that physical and mental health worsen due to increasing stress and risk-taking (leading to medication with alcohol or legal and illegal drugs). However, this finding has been reputed and criticized on statistical grounds in subsequent studies (see Wagstaff, 1985 for a survey). Subsequent studies, such as Forbes and McGregor (1984) , Joyce and Mocan (1993) , after correcting for the problems, no longer find that health is pro-cyclical.
More recently, Christopher Ruhm has a series of works on the cyclicality of health (Ruhm 2000 (Ruhm , 2005 (Ruhm , 2015a (Ruhm , 2015b . Ruhm (2000) used a fixed effects model with state-level data from the U.S.'s 50 states and District of Columbia to control for states' unobservable heterogeneity. The author found that surprisingly, health -measured by mortality-improves in recessionary periods, with one 5 important exception of suicide. However, his most recent paper (Ruhm, 2015a) found that the relationship has weakened in recent years. Total mortality has shifted over time from being strongly pro-cyclical to essentially unrelated to macroeconomic conditions. Ruhm (2000) provided four reasons why health could worsen in good times. Health could be an input into the production of goods and services. What this means is in boom times, people have to work more, which is not necessarily healthy. Certain risky activities, as well as smoking and drinking may increase in good times. For example, Ruhm (2005) found that obesity and smoking both exhibit pro-cyclical pattern, and diet and exercise also improves when unemployment rises.
In addition, in-migration to booming areas has the potential to raise death rates if the new migrants import diseases, or if they are unfamiliar with roads or the medical infrastructure. There may also be other unexplored pathways through which this phenomenon occurs. For example, Stevens et al (2015) offered an explanation for the pro-cyclicality of mortality: quality of health care can be counter-cyclical. Particularly, they found that most additional deaths that occur when the economy is strong are among the elderly, particularly those residing in nursing homes. This is because staff in nursing homes tend to move in good times to look for better opportunities.
Neumayer (2000) replicated Ruhm's framework and found similar results for Germany in 1980-2000. Controlling for state-specific effects, the author found evidence that total mortality and mortality for all age groups were pro-cyclical, as well as mortality from cardiovascular diseases, pneumonia and influenza, motor vehicle accidents and suicides. However, the research found no statistically significant effect on homicides, other external effects (transport accidents, accidental poisoning, fires, late effects of accidental injury, other accidents and adverse effects in therapeutic uses) and cancer. There were also few differences apparent between the effect on male and female mortality. Granados and Ionides (2008) found that economic growth is positively associated with 6 health progress in Sweden throughout the 19 th century, however, its cyclicality is completely reversed in the second half of the 20 th century, when economic growth negatively affects health progress. Studies applying Ruhm's (2000) framework also established pro-cyclical relationships between mortality and unemployment in other countries (for example, Gerdtham & Ruhm (2006) for OECD countries, Lin (2009) for Pacific-Asian countries, Gonzalez and Quast (2011) for Mexico, Ariizumi and Shirle (2012) for Canada).
On the other hand, some studies found no impacts of unemployment on health. Schmitz (2011) used the German Socio-Economic panel of 1991-2008 and relied on fixed-effects methods and plant closures to establish causality. The author found no negative effect of unemployment due to exogenous unemployment. Similarly, Salm (2009) used business closure to control for reverse causality, and found no causal effect of job loss on various measures of physical and mental health.
Others have found some components of health to deteriorate during economic downturns. Ettner (1997) discovered that non-employment increased alcohol consumption and dependence symptoms. Sullivan and von Wachter (2009) established that individuals who experience a job loss via a mass-layoff experience a substantial increase in their mortality hazard that persists for 20 years. Ruhm (2015a) also found that deaths due to poisoning are counter-cyclical.
While the literature has mostly focused on a time-series relationship between unemployment and mortality, our identification strategy allows us to explore the cross-section relationship between unemployment and mortality across U.S. counties. With this approach, we can analyze the impact of unemployment on health during the Great Recession-a topic of great interest.
Finally, our paper is also related to the literature that utilizes the Bartik instrument. The instrument was first developed by Bartik (1991) to isolate exogenous shifts in labor demand in a local community. Therefore, the instrument is sometimes referred to as Bartik instrument. The 7 instrument is used later by Blanchard and Katz (1992) , Autor and Duggan (2003), Luttmer (2005) , Wolzinak (2010), and Bertrand et al. (2015) , among others.
METHODOLOGY AND DATA

Identification Strategy
To instrument for a county's total job losses, we use the Bartik instrument (Bartik, 1991) as a county's exogenous source of job losses. The Bartik instrument captures tradable job losses driven by aggregate demand, and not by county specific supply issues. Therefore, reverse causality and potential county specific omitted variable problems, such as productivity shocks or higher minimum wages, are not likely at play. To see the relationship between a county's job losses and the Bartik instrument, consider the total job losses of county c,
where , is employment in county c at time t; , is industry i's employment in county c at time
implies job losses.
We split the job losses to those in tradable industries (T), and those in the remaining economy. Armed with the Bartik instrument, we run a two-stage least square regression, where we regress change in a mortality y of county c, against the county's total job losses (as a fraction of pre-crisis population), instrumented by tradable job losses.
The first stage regression will be as follows:
, ,
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The dependent variable is the log change in mortality ( , ) in a county c. This measure captures the percentage change of mortality within a county. The use of log is intended to be consistent with the literature (see Ruhm, 2000 for example). Since there is little evidence of emigration during the Great Recession (Mian and Sufi, 2014) , population is relatively constant and thus we are reasonably confident that the log change of mortality captures a county's mortality problems. The explanatory variable is the log change of total employment in county c:
Positive numbers imply job losses, and negative numbers imply job gains.
Total job losses are instrumented by the Bartik instrument (equation 3). Tradable job losses could affect total job losses because they could spill-over to job losses in other sectors, via aggregate demand effects (Nguyen, 2015) . For example, laid-off RV workers could cut back on shopping and restaurant meals, which hurts the local retail and restaurant sectors. Alternatively, tradable job losses could hurt local supporting sectors via production linkages (Nguyen and Rezaei, 2015) . Job losses could be driven by a labor-unrelated transmission mechanism, such as a local credit crunch induced by tradable job losses. Therefore, the instrumented total job losses is intended to capture all types of job losses driven by the initial rounds of tradable job losses.
Finally, note that all regressions in this paper are weighted by each county's number of households, and standard errors are clustered at the state level.
Data
The primary source of our data is the Census Bureau. We use employment data in March 2007 and March 2010 from the County Business Pattern (CBP) data set, because these dates represent the lowest and highest points of the US aggregate unemployment rate during the Great Recession.
This data comes with flags representing employment ranges, which we replace with average employment values. We follow Mian and Sufi (2014) 's classification of the tradable sector based on global trade data: a 4-digit NAICS industry is defined as tradable if it has imports plus exports equal to at least $10,000 per worker, or if total exports plus imports exceed $500M. . Table 3 .2 indicates that on average, mortality increased about 1.38% between the two periods. household income, fraction of homes occupied by owners, fraction of population with less than high school diploma, fraction of population with only high school diplomas, unemployment rate, poverty rate, and fraction of urban population.
RESULTS
OLS relationship between unemployment and mortality
Before analyzing the causal relationship between unemployment mortality, it is useful to examine the simple, OLS relationship between unemployment and mortality. Table 4 .1 shows that job losses are negatively correlated with mortality. In other words, counties with higher job losses have lower increases in mortality during the Great Recession. Note that this relationship does not infer causality, but only represents an association between unemployment and mortality. Many channels could be at play here. First is reverse causality: unemployment could affect mortality as we discussed in the literature review. Second, a county's mortality could affect the county's labor supply and hence the equilibrium unemployment. Finally, a third factor, such as house price collapse, could affect both unemployment and mortality at the same time.
The control variables include important pre-crisis county's characteristics, such as fractions of different age groups, income, education, poverty and urbanization. The most noteworthy control variable is household leverage in 2006. This represents how leveraged an average household in that county was before the Great Recession. Mian and Sufi (2014) show that pre-crisis household leverage is strongly correlated to the declines in households' consumption and job losses in nontradable industries, such as retails and restaurants. This is because highly leveraged counties had to cut back their consumption during the Recession, which hurts local service sectors. We have to control for household leverage because non-tradable job losses could affect mortality as well. 
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Instrumental relevance
Before proceeding to the main IV results, we would like to discuss the first-stage relationship between tradable job losses (as a fraction of population) and total job losses (as a fraction of population). As Table 4 .2 shows, tradable job losses is a strong predictor of total employment losses. The coefficient of 1.109 is greater than 1, implying that tradable job losses did spill-over to other sectors, making the total induced job losses larger than the exogenous tradable job losses.
1.109 means that every 100 demand-driven tradable job losses cause another 10.9 lost jobs in the rest of the economy. Note that we restrict the sample of the first-stage regression to match the sample of the second-stage regression. F-statistics of the regression is 59.14, indicating a strong relationship between the instrumental and instrumented variables. Also note that pre-crisis household leverage has a strong impact on job losses during the Recession. 
Baseline results
This section presents the baseline results regarding the effect of unemployment on mortality during the Great Recession. Table 4 .3a presents the reduced form and IV regressions, respectively. In both cases, they show that unemployment causes higher total mortality, but the relationship is not robust to county-characteristics control variables. The control variables are pre-crisis county characteristics and household leverage. The weak significance for household leverage reveals that highly leveraged counties did not see a drop in total mortality. Table 4 .3b shows the IV regressions without the six potential outliers. This will be the sample we work with for the rest of the paper. 
DISAGGREGATED MORTALITY
By age groups
This section examines mortality by age, gender and types of diseases.
Disaggregated by age, we observe that mortality for 25-34 years old is significantly and negatively affected by unemployment, that is, unemployment actually reduces deaths among this age group. This is probably because procyclical accidents, suicides and homicides are accounted mainly for by individuals younger than 45, similar to Ruhm (2000) . 
By gender
Disaggregated by gender, we observe that mortality among females and male is insignificantly affected by unemployment. Ruhm (2015) also documented that the pro-cyclicality of mortality is also decreasing for both males and females, but stronger for males. 
By types of diseases
We find no significant relationship between job losses and deaths from aggregate diseases (see the first column). When we break down to cancer, cardiovascular disease (CVD) and "other diseases", mortality caused by "other diseases" significantly grows due to unemployment (table 5.3a) . This significant relationship is not driven by outliers (scatterplot not shown). The coefficient of 0.265 implies that a 1% increase in instrumented job losses causes a 0.265% increase in mortality in other diseases, which include diabetes, Alzheimer's, chronic lower respiratory, liver and kidney. 
Deaths caused by external reasons
We continue to look for impacts of unemployment on deaths caused by external reasons (Table 5 .4a). First of all, unemployment does not seem to have an impact 23 on total deaths by external causes. However, when we break down to individual causes, we find that homicide is strongly negatively correlated with unemployment.
What this means is in counties with higher job losses, the number of deaths from homicide is actually lower. Moreover, the relationship is robust and not driven on outliers (scatterplot not shown). The unemployment and crime relationship has been widely studied in the literature, with mixed results. Our finding is related to that of Raphael and Winter-Ebmer (2001) , who found murders and rape procyclical. The authors postulated that higher incidents of rape during economic upswing is due to greater frequency of interactions between potential victims and offenders when a larger proportion of the population is working. However, the authors do not propose a rationale for murders. Note that Ruhm (2015a) found mortality from homicide having an unstable relationship with unemployment. Table 5 .4b presents a detailed analysis of other non-transport accidents, which comprises of falls, drowning, fires and poisoning. Mortality due to poisoning is the only category that is weakly positively correlated with job losses: as job losses increase by 1%, poisoning deaths increase 1.4%. Ruhm (2015a) also found that mortality from poisoning has dramatically become counter-cyclical in recent years:
as a state's economy worsens, mortality from poisoning rises. This is a topic of great interest. Case and Deaton (2015) , for example, found a marked increase in the mortality rate of middle-aged, white, non-Hispanic men and women in the United
States between 1999 and 2013, while other racial groups continue to see mortality rates fall. They also find that this increase for whites was largely accounted for by increasing death rates from drug and alcohol poisonings, suicide, and chronic liver diseases and cirrhosis, which points to growing distress within this demographic. Poisoning is accidental poisoning by and exposure to noxious substances. Includes: accidental overdose of drug, wrong drug given or taken in error, and drug taken inadvertently accidents in the use of drugs, medicaments and biological substances in medical and surgical procedures poisoning, when not specified whether accidental or with intent to harm. Excludes: administration with suicidal or homicidal intent, or intent to harm, or in other circumstances classifiable to transport accidents, assault, event of undetermined intent, and correct drug properly administered in therapeutic or prophylactic dosage as the cause of any adverse effect. 
CONCLUSION
This paper examines the impacts of unemployment on mortality during the Great Recession. We employ a Bartik (1991) type of identification strategy to identify exogenous job losses, namely tradable job losses of a county driven by declines in aggregate demand. We find that generally, unemployment has little impact on mortality during the Great Recession.
Our results are mostly consistent with findings in Ruhm (2015a) : total mortality is weakly pro-cyclical, and so selected cause-specific death rates, except for poisoning and other diseases (specifically Alzheimer's). Additionally, we found homicides to be strongly counter-cyclical. Our results therefore reconfirm that of Ruhm (2015a) , although the contexts are different: while Ruhm's studies are based on state-level time series, our study is based on a cross-section of counties during the Great Recession.
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The result that unemployment has little adverse impacts on most mortality rates helps mitigate concerns about adverse long-term health impacts of short-term, but very severe unemployment. Needless to say, further studies are needed to investigate different angles of health issues during the Great Recession.
